SEITE  



Part 7 (Annexes) of Draft CR to 
GSM.08.62 V8.0.0 (2000-03)
Technical Specification

Digital cellular telecommunications system (Phase 2+);

Inband Tandem Free Operation (TFO) of Speech Codecs;
Service Description;

Stage 3

(Release 1999)




Contents

4Annex A (Normative): Inband Signalling Protocol: Generic Structure

A.1
Generic Structure of Inband Signalling Messages
4
A.1.1
Frequency and Order of Bit Transmission
4
A.1.2
IS_Header
5
A.1.3
IS_Command_Block
5
A.1.4
IS_Extension_Block(s)
6
A.2
Detailed Specification of IS Messages
6
A.2.1
IS_REQ Message
6
A.2.2
IS_ACK Message
7
A.2.3
IS_IPE, IS_TRANS and IS_NORMAL Messages
7
A.2.4
IS_FILL Message
9
A.2.5
IS_DUP Message
9
A.2.6
IS_SYL Message
9
A.3
Keep_Open_Indication
9
A.4
Rules for Sending of IS Messages
10
A.5
IS_System_Identification_Block
11
Annex B (Informative): In Path Equipment: Generic Rules and Guidelines
12
B.1
Types of In Path Equipment
12
B.2
IS_Compliant IPEs
13
B.2.1
Typical IPEs are IS_Passive
13
B.2.2
IS Message_Transparency
13
B.2.2.1
First IS Message
13
B.2.2.2
IS Messages within a Sequence
14
B.2.2.3
Isolated IS Message
14
B.2.2.4
Check if IS Message is following
15
B.3
IPE State Representation
15
B.3.1
IPE in Sync_Not_Found
16
B.3.2
IPE in Sync_Found
17
B.3.3
IPE in Sync_Lost
17
B.3.4
IPE in Keep_Open_Sync
17
B.3.5
IPE in Keep_Open_Lost
18
B.4
IPE Error Handling
18
B.5
IPE Transmission Delay
18
B.5.1
IPE Transmission Delay in Normal_Mode
18
B.5.2
IPE Transmission Delay in Transparent_Mode
18
B.6
Compliance to IS Messages
19
B.6.1
Compliance to IS_REQ and IS_ACK Messages
19
B.6.2
Compliance to IS_NORMAL Message
19
B.6.3
Compliance to IS_TRANS_x Messages
19
B.6.4
Compliance to IS_TRANS_x_u Messages
20
B.6.5
Compliance to IS_FILL Message
20
B.6.6
Compliance to IS_DUP Messages
20
B.6.7
Compliance to IS_SYL Messages
20
Annex C (Informative): The SDL model of the TFO protocol
21
Annex D (Informative): Change history
25
History
25


List of Figures:

4Figure 1/A: Inband Signalling Structure

Figure 2/A: Example for IS Message with two IS_Extension_Blocks
5
Figure 3/A: Structure of the 20 bit IS_Header
5
Figure 4/A: General Construction of an IS_Command_Block
6
Figure 5/A: General Construction of an IS_Extension_Block
6
Figure 6/A: General Construction of an IS_REQ Message
6
Figure 7/A: General Construction of an IS_ACK Message
7
Figure 8/A: General Construction of an IS_IPE Message
7
Figure 9/A: IPE_Mode_Extension_Block for the IS_IPE Message
8
Figure 10/A: Construction of the IS_FILL Message
9
Figure 11/A: Construction of the IS_DUP Message
9
Figure 12/A: Construction of the IS_SYL Message
9
Figure 13/A: Keep_Open_Indication
10
Figure 14/A: Phase Shift of the 16_PCM_Sample_Grid by inserting T_Bits
11
Figure 15/A: IS_System_Identification for GSM
11
Figure 1/B: Transparency and Delay for first and following IS Messages
14
Figure 2/B: Transparency and Delay for an isolated IS Message
14
Figure 3/B: Principle of a State Diagram of an IPE
15
Figure 4/B2: Handling of octet slip for fast and parallel re-synchronization of all IPEs (optional)
17
Figure 1/C: Overall SDL model structure
22
Figure 2/C: TFO/TRAU SDL process diagrams
23
Figure 3/C: Partial TFO protocol transition (taken from the First_Try state)
24


List of Tables:

5Table 1/A: Defined IS_Commands

Table 2/A: Defined IPE_Modes
8
Table 3/A: Defined IS_System_Identification Codes
11


Annex A (Normative):
Inband Signalling Protocol: Generic Structure

Scope
Inband Signalling Messages (IS Messages) can be used to construct a specific IS Protocol for the communication between telecommunication entities for various purposes. The original purpose is to establish tandem free operation of mobile-to-mobile calls in GSM networks. The IS Messages provide communication channels inside the speech signal paths between the speech transcoders. 

In addition IS Messages allow the control of equipment within the speech signal paths between these telecommunication entities (e.g. speech transcoders). These equipments are termed "In Path Equipments“ (IPEs). 

Annex A defines the generic structure of these IS Messages and rules for the IS_Sender.

Annex B defines the generic rules with respect to these IS Messages for the IPEs.

Annex A is mandatory for TFO_TRAU Equipment and informative for IPEs.

Annex B is informative for TFO_TRAU Equipment. 

Annex B shall be followed by IPEs, which want to be compatible to IS Messages.

A.1
Generic Structure of Inband Signalling Messages

All IS Messages follow a set of design rules, or a generic structure, which allow to identify and bypass them by IPEs without detailed knowledge of the IS Protocol served. The principle of the IS Protocol shall in that sense be future proof: it can be enhanced and extended to other applications without modifying the IPEs.

The IS Messages replace some of the LSBs of the PCM samples of the Speech, Audio or Modem signal. 

By construction the introduced signal distortion is practically inaudible in case of Speech signals. 

Modem signals will in most cases not be affected with respect to their data transmission performance.

A.1.1
Frequency and Order of Bit Transmission

IS Messages are transferred within the Least Significant Bit (LSB) of PCM samples on 64 kbit/s links, by replacing the LSB of every 16th consecutive PCM sample with one bit of the IS Message (16_PCM_Sample_Grid).

This is equivalent to an average bit rate of 10 bit per 20 ms or 500 bits per second. See Figure 14:

Figure 1/A: Inband Signalling Structure




A vertical bar denotes an 8-bit PCM sample, the shadowed box in bit 1 (LSB) represents an inserted bit of the IS-Message. 

By definition each IS Message "occupies" an integer multiple of 16 PCM samples. Especially the 15 PCM samples after the last inserted bit of an IS Message "belong" still to that IS Message.

All IS Messages, whichever type, have by construction “0”-Bits at every 10th position, starting with position 1, 11, 21 and so on. This “0”-Bits occur therefor regularly every 20 ms and may be used for synchronization purposes. 

Each IS Message consists of an IS_Header followed by an IS_Command_Block. Most IS Messages have a number of further IS_Extension_Blocks. Figure 15 shows an example with two IS_Extension_Blocks.




Figure 2/A: Example for IS Message with two IS_Extension_Blocks

The MSB of each constituent field is transmitted first. The IS_Header is transmitted first, followed by the IS_Command_Block and - if applicable - any further IS_Extension_Block(s). 

By construction all IS Messages do have lengths of integer multiples of 10 bits, thus occupying integer multiples of 160 PCM samples, thus lasting integer multiples of 20 ms. The shortest IS Message has a length of 60 ms.

A.1.2
IS_Header

The IS_Header consists of a 20-Bit long sequence, as defined in Figure 16:




Figure 3/A: Structure of the 20 bit IS_Header

A.1.3
IS_Command_Block

The IS_Command identifies the IS Message and/or serves for the control of IPEs. The names of the IS_Commands and their codes in hexadecimal notation in the IS_Command_Block are given in the Table 34. 

Table 1/A: Defined IS_Commands

Index
Command
Code
Meaning / Action



hexadecimal
Nibble 1-3


0
reserved
0x000
no extension

1
REQ
0x05D
Denotes an IS_REQ Message, with extension

2
ACK
0x0BA
Denotes an IS_ACK Message, with extension

3
IPE
0x0E7
Denotes an IS_IPE Message, with extension,
 i.e. an IS_TRANS or the IS_NORMAL Message

4
FILL
0x129
Denotes the IS_FILL Message, no extension

5
DUP
0x174
Denotes the IS_DUP Message, no extension

6
SYL
0x193
Denotes the IS_SYL Message, no extension

7
reserved
0x1CE
no extension

All other values are reserved for future use.

Each IS_Command is protected by the binary, systematic (9,3) block code with generator polynomial 
g(x) = x^6 + x^4 + x^3 + x^2 + 1. The minimum Hamming distance of this code is dmin = 4, which allows the correction of up to one bit error within each code word of length 9 bits.

The first bit (MSB) of the IS_Command_Block is defined to be "0", for synchronisation purposes, see Figure 17.

Table 20 gives the hexadecimal notation of the complete IS_Command_Block.




Figure 4/A: General Construction of an IS_Command_Block

A.1.4
IS_Extension_Block(s)

Most IS Messages have one or more IS_Extension_Block(s). Each IS_Extension_Block is 20 bits long and shall consist of two "0"-Synchronization_Bits at position 1 (MSB) and 11, a 16-bit Information_Field (split into two fields of 9 and 7 bits, respectively) and a 2-bit Extension_Field (EX), see Figure 186:




Figure 5/A: General Construction of an IS_Extension_Block

The Extension_Field indicates if an other IS_Extension_Block is following (EX :="1.1" ) or not (EX := "0.0").

All other codes are reserved. This may be used to detect transmission errors within the Extension_Field.

A.2
Detailed Specification of IS Messages

A.2.1
IS_REQ Message

With the IS_REQ Message an IS_Sender can test, if there is an IS Partner and indicates that it is willing to negotiate.

IS_REQ is used to initiate the IS Protocol or to indicate changes in the configuration, etc.

IS_REQ has at least one IS_Extension_Block, containing the IS_System_Identification. (see A.5).

Other IS_Extension_Blocks may follow, see Figure 19.




Figure 6/A: General Construction of an IS_REQ Message 

In general an IS_REQ Message shall be as short as possible. Special care must be taken in the design of the IS_Extension_Blocks to avoid audible effects, since sometimes an IS_REQ Message may be transmitted for quite some time (several seconds).

A.2.2
IS_ACK Message

With the IS_ACK Message an IS Partner typically answers an IS_REQ Message or an IS_ACK Message. It can also be used to submit further information to the other IS Partner. IS_REQ and IS_ACK are the main message types between IS Partners.

The IS_ACK has at least an IS_Extension_Block containing the IS_System_Identification (see A.5).

Other IS_Extension_Blocks may follow, see Figure 20. 




Figure 7/A: General Construction of an IS_ACK Message 

No specific design constraints with respect to audibility exist, since IS_ACK is typically not sent very often.

A.2.3
IS_IPE, IS_TRANS and IS_NORMAL Messages

The IPE command denotes  IS_IPE Messages. An IPE shall always look for this type of message and follow the instruction. An IS_Sender shall use this IS_IPE Message to command all IPEs into a specific mode of "Bit Transparency".

This Message has one IS_Extension_Block, indicating the requested IPE_Mode. See Figure 21.




Figure 8/A: General Construction of an IS_IPE Message 

No specific design constraints with respect to audibility exist, since IS_IPE is typically not sent very often.

Table 33 defines 16 out of 32 possible IPE_Commands. The other codes are reserved for future extensions.

Table 2/A: Defined IPE_Modes

Index
IPE_Mode
Code
MEANING / ACTION



hexadecimal
Nibble 1 - 5


0
Normal 
0x00000
Normal Operation

1
Trans_1_u
0x044DC
pass 1 LSB; 7 upper Bits are used 

2
Trans_2_u
0x089B8
pass 2 LSBs; 6 upper Bits are used

3
Trans_3_u
0x0CD64
pass 3 LSBs; 5 upper Bits are used

4
Trans_4_u
0x11570
pass 4 LSBs; 4 upper Bits are used

5
Trans_5_u
0x151AC
pass 5 LSBs; 3 upper Bits are used

6
Trans_6_u
0x19CC8
pass 6 LSBs; 2 upper Bits are used

7
Trans_7_u
0x1D814
pass 7 LSBs; 1 upper Bit is used

8
Transparent
0x22CE0
Full Transparent Mode for all eight bits

9
Trans_1
0x2683C
pass 1 LSB; 7 upper Bits are free and unused

10
Trans_2
0x2A558
pass 2 LSBs; 6 upper Bits are free and unused

11
Trans_3
0x2E184
pass 3 LSBs; 5 upper Bits are free and unused

12
Trans_4
0x33990
pass 4 LSBs; 4 upper Bits are free and unused

13
Trans_5
0x37D4C
pass 5 LSBs; 3 upper Bits are free and unused

14
Trans_6
0x3B028
pass 6 LSBs; 2 upper Bits are free and unused

15
Trans_7
0x3F4F4
pass 7 LSBs; 1 upper Bit is free and unused 

16
reserved
0x41D1C
reserved

17..31
reserved
reserved
reserved

The IPE_Mode is protected by the binary, systematic (16,5) block code with generator polynomial g(x) = x^11 + x^7 + x^5 + x^4 + x^2 + x + 1. The minimum Hamming distance of this code is dmin=7, which allows the correction of up to 3 bit errors within each code word of length 16 bits.

Bits 1 (MSB) and  11 are the synchronisation bits and set to "0", see Figure 22. The EX field is set to "0.0" in all currently defined IPE_Modes, i.e. no further IS_Extension_Block is following.

Table !! defines the coding in hexadecimal notation for the complete IPE_Mode_Extension_Block, with EX := 00.




Figure 9/A: IPE_Mode_Extension_Block for the IS_IPE Message

An IS_ IPE Message containing the NORMAL command is termed IS_NORMAL Message. 

An IS_ IPE Message containing a TRANS_x command is termed IS_TRANS_x Message. 

An IS_ IPE Message containing a TRANS_x_u command is termed IS_TRANS_x_u Message. 

The latter two are sometimes also termed IS_TRANS Message, if the details are not important.

The behaviour of IPEs, when receiving such commands, is described in Annex B.

The first IS Message in a series is often "swallowed" by IPEs (see Annex B). An IS_IPE Message must therefor never be the first message of a series of IS Messages, i.e. it shall be sent as an isolated IS Message or after a (sufficiently long) uninterrupted IS Protocol. 

A.2.4
IS_FILL Message

The IS_FILL Message has no IS_Extension_Block and no specific meaning. An IS_ Sender can use the IS_FILL Message to fill a temporary gap in the protocol flow. This may be important to keep all IPEs in synchronization and open for further IS Messages. See Figure 23. An IS_FILL Message shall also be used by the IS_Sender to resynchronize all IPEs in case of a phase shift of the Keep_Open_Indication.




Figure 10/A: Construction of the IS_FILL Message 

IS_FILL is designed in a way that multiple repetitions cause minimal audible effects.

A.2.5
IS_DUP Message

The IS_DUP Message may be used between IS Partners to indicate an half duplex mode. It may be especially important in Handover situations. The IS_DUP Message has no IS_Extension_Block, see Figure 24.




Figure 11/A: Construction of the IS_DUP Message

A.2.6
IS_SYL Message

The IS_SYL Message may be used between IS Partners to indicate the loss of synchronisation. It may be especially important in Handover situations. The IS_SYL Message has no IS_Extension_Block, see Figure 25.




Figure 12/A: Construction of the IS_SYL Message 

A.3
Keep_Open_Indication

In Transparent_Mode, i.e. after properly receiving an IS_TRANS Message, all IPEs shall monitor the bypassing bit stream for the Keep_Open_Indication (definition see below). If this Keep_Open_Indication is not seen for some time, then the IPEs shall fall automatically back into normal operation, i.e. the mode of operation before the IS_TRANS Message. 

This automatic fall back shall have the same effect as the IS_NORMAL Message would have.

By definition the Keep_Open_Indication is a continuous bit stream of  one "0"-Bit in the LSB of every 160th PCM sample, i.e. every 20 ms. At least  one "1"-Bit must be present within the LSBs of the other 159 PCM samples. See Figure 26.




Figure 13/A: Keep_Open_Indication

The "0"-Bit stream of the Keep_Open_Indication shall always be present as long as the IPEs need to be in Transparent_Mode.

The Keep_Open_Indication shall be in phase with the preceding IS Messages., i.e. the first bit of the Keep_Open_Indication shall be in the position of the first bit of the (hypothetical) next IS Message. In fact, the IS Messages themselves contain this Keep_Open_Indication by definition.

In case of a known phase shift of the Keep_Open_Indication, the IS_Sender has to send at least one IS Message, which defines the new phase position of the Keep_Open_Indication. If no other IS Message is to be sent, then the IS_FILL Message shall be used. If an IS Message longer than 160 ms is scheduled for transmission, then an IS_FILL Message should be inserted before, to guarantee fast resynchronization of the IPEs.
A.4
Rules for Sending of IS Messages

IS Messages replace some bits of the PCM samples and therefor cause a minimal signal distortion. Therefore IS Messages shall be used with care and not longer than necessary. The IS Protocol is kept to a minimum to avoid unnecessary complexity. One basic assumption is that only one IS Protocol is active at a time between two IS Partners.

Only specific telecommunication entities shall be allowed to initiate IS Protocols. They are called IS_Active or active IS Partners. In principle these shall only be terminal devices or their "representatives" within the network. Examples are ISDN-Terminals, Speech-Servers, TRAUs (in GSM as representatives of the MSs).

Other telecommunication entities shall only react on IS Protocols. They are called IS_Passive. Most IPEs are of this type. They bypass the IS Messages, they obey the IS_IPE Messages, but they never initiate IS Messages.

Other telecommunication entities are IS_Passive by default. But if they receive IS Protocols that they can understand, then they may become IS_Active and start to initiate IS Protocols. They thus become active IS Partners and shall take care that only one IS Protocol is active on both of their sides. They are called IS_Responsive. Examples are TCMEs. 

Active IS Partners shall send 

either continuous sequences of IS Messages without interruption of the 16_PCM_Sample_Grid:

-
or isolated IS Messages with same message lengths;

-
or isolated IS Messages with sufficient distance between them, if shorter IS Messages follow longer IS Messages.

The latter case is important, because shorter isolated IS Messages travel faster through IPEs than longer ones, see annex B.

As said above, after initialization of an IS Message sequence, no interruption of the 16_PCM_Sample_Grid shall occur within the sequence. Adjustments of the phase position of the Keep_Open_Indication shall be done only after the IS_TRANS Message by inserting the necessary number n (with 0 ( n ( 160) of "1" Bits (termed "T_Bits") into the LSBs of the PCM samples that have to be skipped. The first PCM sample for this insertion of T_Bits is the one where the next regular IS Message or next regular Keep_Open_Indication would begin. At the new phase position the next IS Message or the IS_FILL Message shall be sent, to allow IPEs to resynchronize fast. See Figure 27.




Figure 14/A: Phase Shift of the 16_PCM_Sample_Grid by inserting T_Bits

Similarly, the adjustment of the phase between two Keep_Open_Indications shall be done by inserting the necessary number of T_Bits and by sending an IS Message - preferably, but not necessarily - the IS_FILL.

Finally a "negative" phase adjustment between two Keep_Open_Indications shall be allowed by shortening the cycle by a maximum of 2 PCM samples and sending an IS Message (see above) at the new phase position.

A.5
IS_System_Identification_Block

The IS_System_Identification_Block is a mandatory IS_Extension_Block for the IS_ACK and IS_REQ messages with the 16-bit Information_Field containing the IS_System_Identification. It identifies the system within which the message is generated.    Table 34 shows the defined IS_System_Identification codes.

Table 3/A: Defined IS_System_Identification Codes

System
Code (in hex)

GSM
either 0x53948, if EX == "0.0"
or 0x5394B, if EX == "1.1"


reserved

The only defined code so far is GSM_Identification, see also Figure 28.




Figure 15/A: IS_System_Identification for GSM

All other codes are reserved. Further IS_System_Identification Codes for other systems shall be defined in a way that the audibility is minimal and the hamming distance to the already defined once is maximal.

The IS_System_Identification is protected by the binary, systematic (16,8) block code with generator polynomial g(x) = x^8 + x^7 + x^6 + x^4 + x^2 + x + 1. The minimum Hamming distance of this code is dmin=5, which allows the correction of up to 2 bit errors within each code word of length 16 bits.

Code word 0x0000 is per definition used for GSM.

The resulting 16 bits are placed into the IS_System_Extension_Block as shown in Figure 28 and then the whole 20 bit word is additionally EXORed with the fixed code word 0x53948 to minimise audible effects.

Annex B (Informative):
In Path Equipment: Generic Rules and Guidelines

Scope
Inband Signalling Messages (IS Messages) can be used to construct a specific IS Protocol for the communication between telecommunication entities for various purposes. The original purpose is to establish tandem free operation of mobile-to-mobile calls in GSM networks. The IS Messages provide communication channels inside the speech signal paths between the speech transcoders. 

In addition IS Messages allow the control of equipment within the speech signal paths between these telecommunication entities (e.g. speech transcoders). These equipments are termed „In Path Equipments“ (IPEs). 

Annex A defines the generic structure of these IS Messages and rules for the IS_Sender.

Annex B defines the generic rules with respect to these IS Messages for the IPEs.

Annex A is mandatory for TFO_TRAU Equipment and informative for IPEs.

Annex B is informative for TFO_TRAU Equipment. 

It shall be followed by IPEs, which want to be compatible to IS Messages.

B.1
Types of In Path Equipment

The term "In Path Equipment" (IPE) is used for any telecommunication equipment within the (64 kbit/s) transmission path for the speech signal between two entities, which want to communicate via IS Messages, i.e. the IS Partners.

In modern telecommunication networks most of these IPEs are digitally transparent for the complete 64 kbit/s data stream all the time after call establishment until call release. These IPEs are optimal and need no consideration here.

Some IPEs are most of the time digitally transparent, but disturb the link every now and then. Examples are:

-
switches, which interrupt the link during Handover;

-
switches, which insert a kind of conference bridge for a short while during Handover;

-
links, which do octet deletions or insertions (octet slips);

-
DTMF generators, which insert DTMF tones sometimes for a short while; and more.

-
Other IPEs are digitally transparent in one direction, but not in the other. Examples are:

-
DTMF generators (again), which insert the DTMF tones only in one direction;

-
Network Echo Cancellers (NEC), which let the signal pass unaltered towards the PSTN, but cancel the echo; and more.

Other IPEs are semi-transparent, i.e. let most or some of the bits pass, but not all. Examples are:

-
A/(_Law converters;

-
(/A_Law converters; and 

-
especially the tandem connection of A/(_Law and (/A_Law converters, or vice versa.

links, which insert inband signalling by bit stealing (T1 links); and more.

Other IPEs are not transparent at all to the digital bit stream, although the speech signal pass more or less unaltered. Examples: 

-
level shifters, which adjust the signal levels, e.g. between national networks;

-
DCMEs (Digital Circuit Multiplication Equipment), which compress the bit stream by encoding/decoding the speech signal for cost efficient transmission; and more.

Many of these IPEs - for some time - will be not compliant with the IS Message principle described above. The IS Messages will not pass these non-compliant IPEs or not in both directions, or not always.  Care must be taken to identify situations where IPEs are part-time-transparent or semi-transparent, when applying IS Messages. Other IPEs - at some point in time in the future - will be compliant to the IS Message principle. The rules they have to fulfil are described below.

B.2
IS_Compliant IPEs

B.2.1
Typical IPEs are IS_Passive

General: An IPE shall never actively initiate the exchange of IS Messages. The active initiation is only done by terminals or their "representatives". This avoids uncontrolled and unnecessary fluctuation of IS Messages within the network.

Most IPEs shall never actively respond to IS Messages by sending other IS Messages. They are called IS_Passive.
They need not and do not understand the IS Protocol, but let it just pass unaltered and obey the relevant IS_IPE Messages.

Some IPEs may, however, respond on received IS Messages, modify these and/or respond with own IS Messages, if they understand the IS Protocol and can take or bring advantage to the overall system performance or system quality. These IPEs are called IS_Responsive. Examples are GSM-specific Digital Circuit Multiplication Equipments (TCMEs), which reduce transmission costs without degrading the speech quality. These IPEs may be able to step into the IS Protocol, interpret and respond to it and modify the speech signal in an system_compliant way. Thus they become IS_Active Partners themselves.

B.2.2
IS Message_Transparency

When commanded into a Transparent Mode, the IPEs are fully transparent at least for the LSBs in all  PCM samples. Therefore the following rules are needed only and only do apply for the IPEs, when in Normal_Mode:

IPEs shall let the IS Messages bypass, respectively re-insert them, from their input to their respective output. 

They shall not alter them, nor do any kind of error correction. Exceptions are the IS_Responsive IPEs.

B.2.2.1
First IS Message

During its Normal_Mode an IS_Compliant IPE shall always monitor the incoming PCM data stream for the occurrence of the IS_Header sequence. If the IS_Header is detected after a period without IS Messages, the IPE shall store the following IS_Command and IS_Extension_Block(s). During reception of this first IS Message, the normal operation of the IPE is maintained with the consequence that the first IS Message may not appear at the output of the IPE. 

B.2.2.2
IS Messages within a Sequence

All further IS Messages which follow directly after the first detected IS Message in the same phase position shall be passed unaltered to the output of the IPE with exactly that delay the IPE would later introduce when commanded into Transparent_Mode by one of the IS_TRANS commands, see Figure 29.




Figure 1/B: Transparency and Delay for first and following IS Messages

The upper row symbolizes the speech signal at the input of the IPE, with the PCM samples drawn vertically and the IS Messages inserted into the LSBs. The lower row symbolizes the speech signal at the output of the IPE. The vertical lines denote the boundaries of the IS Message elements.

Figure 29 shows an example where the first IS Message is detected, but not passed through. The distortion caused by the first IS Message is still "somehow" there (indicated by the empty dashed boxes in the LSB), but the message is destroyed. The second and third IS Messages are passed through unaltered. Note, however, that the delay of the speech signal is (in this example) substantially higher than the delay of the IS Messages. They travel faster than the speech signal through this IPE.

B.2.2.3
Isolated IS Message

In cases where the first detected IS Message is not immediately followed by further IS Messages, the IPE shall insert this first IS Message (which the IPE has stored) into its output PCM bit stream, with exactly the delay and phase position a second IS Message would have, see Figure 30, which shows an example where an isolated IS Message is travelling through an IPE.




Figure 2/B: Transparency and Delay for an isolated IS Message

Note that the delay of an isolated IS Message is depending on its own length! Longer IS Messages will have more delay, shorter less. It could - in principle - happen that a second, shorter isolated IS Message would "bypass" the first longer IS Message - with the consequence that the first one would be destroyed. This is especially important when there are several IPEs in the path, since the delay effects accumulate. Therefore it is not allowed to send shorter isolated IS Messages too close after longer IS Messages. IS Messages with same length have no restriction.

In summary: the first IS Message in a series of IS Messages is "swallowed" by an IPE, while all the following IS Messages pass unaltered and with minimal delay. If an IS Message occurs isolated, then it is not swallowed, but delayed by exactly its own length. The latter mechanism ensures that isolated IS Messages can pass through an unlimited number of IPEs.

B.2.2.4
Check if IS Message is following 

The checking, whether an other IS Message is following or not is done "on the fly", i.e. bit by bit. This is possible due to the fact that all messages begin with exactly the same IS_Header. The decision, whether an IS Message is an isolated message or the first message in a series, can be done latest after the last bit of the (next) IS_Header. See Figure 28.

Consequently: after detection of the first IS Message, the IS_Header is in any case inserted at the output in the correct position, regardless, whether a second message follows or not. 

B.3
IPE State Representation

Concerning the IS Protocol, an IPE can be described with five major States in two main Modes, where the States describe the IPE with respect to the IS Protocol and the Modes describe the IPE with respect to the operation on PCM data. Figure 31 shows a graphical representation of the State diagram of an IPE.




Figure 3/B: Principle of a State Diagram of an IPE

Some Definitions:
An IS Message shall be recognized as "error-free", if no error can be detected, neither within the IS_Header, nor in the IS_Command nor in any IS_Extension_Block.

An IS Message shall be recognized as "single-error", if no more than one bit position differs in the IS_Header or the IS_Command_Block or the IPE_Mode_Block or one EX-field or one Sync bit.

An IS Message shall be recognized as "correctable", if the phase position is as in preceeding IS Messages and:

-
no more than 2 bit position differs in the IS_Header; and 

-
no more than 1 error is detected within the IS_Command_Block; and 

-
no more than 3 errors are detected within the IPE_Mode_Block; and

-
no more than 0  error is detected within the EX-field(s); and

-
no more than 1 error is detected within the Sync-Bit(s); and

-
the total number of detected errors is not higher than 3.

IS Messages, which are error-free, single-error or correctable are also called "valid" IS Messages.

An IS Message shall be recognized as "present", if the phase position is as in preceeding IS Messages and:

no more than 4 bit position differs in the IS_Header and

-
no more than 2 errors are detected within the IS_Command_Block; and 

-
no more than 3 errors are detected within the IPE_Mode_Block; and

-
no more than 1 error is detected within the EX-field(s); and

-
no more than 2 errors are detected within the Sync-Bit(s); and

-
the total number of detected errors is not higher than 4.

Sequences, which differ in more than "present" are not recognized as IS Messages at all ("not_present").

Note that the insertion of T_Bits may change the phase position of an IS Message. The IS Message shall in that case be classified after the removal of the T_Bits.

An octet slip may also change the phase position of an IS Message. If an error-free or a single-error IS Message can be found after considering a hypotetical octet slip ((1 sample), then it may be regarded as error-free or single-error and the new phase position shall be regarded as valid, if no valid or present IS Message can be found at the old phase position.

B.3.1
IPE in Sync_Not_Found

After start-up or after a long interruption of the IS Protocol an IPE is in Normal_Mode, performing its normal operation. IS Messages have not been found and consequently no bypassing of IS Messages is performed.

The algorithm for initial synchronization shall be able to detect each single IS Message, especially the first or an isolated one. An IPE shall always, during Normal_Mode and during Transparent_Mode, search for the IS_Header and consequently for complete IS Messages. When found, it can be assumed that with high probability the following IS Messages and the Keep_Open _Indication will stay within the found "grid"or "phase" of every 16th PCM sample, the 16_PCM_Sample_Grid.

An IPE transits from Sync_Not_Found into Sync_Found, if and only if an error_free IS Message is detected. Then the IPE lets the following IS Messages bypass, as described above.

If the first IS Message is an error_free IS_TRANS Message, then the IPE transits directly into the Transparent_Mode.

B.3.2
IPE in Sync_Found

The IPE continues its normal operation, but opens an "IS_Door" every 16th LSB for the bypassing IS Messages.

An IPE shall regard sync as continued, i.e. stay in Sync_Found, if after each IS Message another valid IS Message follows within the same phase position, i.e. within the 16_PCM_Sample_Grid. 

For any deviations from a valid IS Message, the IPE transits to Sync_Lost.

If an error_free or correctable IS_TRANS is received in Sync_Found, then the IPE transits into the Transparent_Mode.

B.3.3
IPE in Sync_Lost

In Sync_Lost, an IPE shall search for IS Messages on all positions as for initial synchronisation. In parallel, an IPE shall bypass not_valid, but present IS Messages at the found phase position for a maximum of one second. An IPE shall close the IS_Door after that, if no valid IS Message is following, i.e. transit into Sync_Not_Found. 

A single valid IS Message brings the IPE back into Sync_Found.

As soon as the IPE detects in Sync_Found or in Sync_Lost a single or more deviations from an error_free IS Message, then the IPE may optionally open the IS_Door also at positions (1 around the present (0) phase position for a maximum of one second ( to allow other IPEs in the path for parallel re-synchronization. See Figure 32. The IPE may try to find a continuation of the disturbed IS Message at these 3 positions. If the IPE can detect an error-free or a single-error IS Message in this way, then it shall accept the new phase position, if no IS Message can be found at the old phase position anymore. 




Figure 4/B2: Handling of octet slip for fast and parallel re-synchronization of all IPEs (optional)
B.3.4
IPE in Keep_Open_Sync

The IPE enters this State by receiving a valid IS_TRANS Message. This is the main State of the Transparent_Mode. 

It depends on the specific IPE, if this Transparent_Mode is active only for the commanded direction (that is the default assumption) or in both directions (because for a specific IPE it might be useless or impossible to maintain Normal_Mode in one direction and Transparent_Mode in the other one).

The IPE shall bypass the commanded LSBs and handle the upper bits accordingly (IPE specific).

The IPE shall search in parallel for IS_IPE Messages  (IS_TRANS, IS_NORMAL) and 

transit - if necessary - to Normal_Mode or an other Transparent_Modes (other number of transparent LSBs).

The IPE shall monitor the bypassing bit stream for the Keep_Open_Indication and accept the Keep_Open_Indication only at the phase position defined by the preceding IS Message. 

If the Keep_Open_Indication is not seen anymore then the IPE transits into Keep_Open_Lost.

B.3.5
IPE in Keep_Open_Lost

The IPE shall continue its operation in  Transparent_Mode and Keep_Open_Lost for a maximum of one second before it shall return to Normal_Mode.During that time the IPE shall try to resynchronize either by finding an IS Message or by finding the Keep_Open_Indication at positions (1 and 0 around the present phase position (handle of Octet Slip).

The IPE may take advantage of the fact that T_Bits are inserted or deleted by the IS_Sender in case of an intentional phase adjustment.

An IS Message at any arbitrary phase position followed by a valid Keep_Open_Indication is accepted as re-defining the Keep_Open phase position, if and only if the Keep_Open_Indication is no longer present at the old phase position.
A Keep_Open_Indication at a phase position (1 PCM sample interval around the old phase position is accepted as re-defining the Keep_Open phase position, if and only if the Keep_Open_Indication is no longer present at the old phase position.

The Keep_Open_Indication is valid, as long as at least 40 "0"-Bits are seen at the correct positions within a sliding window of length of one second. At least one "1"-Bit must be seen in between each pair of the expected "0"-Bits.

B.4
IPE Error Handling

The first IS_Message shall only be accepted, if there is no detectable error.

For all following IS_Messages it shall apply:

Errors in IS Messages shall be passed unaltered through the IPEs. This shall hold for all IS Messages.

Only error-free or correctable IS_IPE Message shall be applied by the IPE to its own operation. Other IS_IPE Messages shall be ignored, but bypassed.

B.5
IPE Transmission Delay

The transmission delay introduced by an IPE for the speech, audio or modem signal is in general different in Normal_Mode and Transparent_Mode. Some IPEs may have several different Normal_Modes with possibly different signal delays. IS Messages are transmitted within the regular 16_PCM_Sample_Grid. It is important that this regularity is not disturbed. Therefor care must be taken at the transition between these modes.

The transmission delay of a specific IPE is in general lower for IS Messages than for speech, audio or modem signals.

B.5.1
IPE Transmission Delay in Normal_Mode

The delay for IS Messages in Normal_Mode shall be identical to the delay in that Transparent_Mode, that follows after the first IS_TRANS Message. If different Transparent_Modes with different delays could follow, then the shortest delay of all possible Transparent Modes shall be selected for IS Messages in Normal_Mode. 

If an IPE in Normal_Mode has to change its transmission delay, then this shall not affect the delay of the IS Messages. 

B.5.2
IPE Transmission Delay in Transparent_Mode

In the majority of all cases the IPE will keep the transmission delay for the IS Messages in Normal_Mode also in Transparent_Mode for the transmission of the commanded transparent LSBs. IPEs which do not understand the IS Protocol shall never modify the transparent bits, so they are also not allowed to change delay.

Some IPEs, which understand a specific IS Protocol, may have even different Transparent_Modes and also here the transmission delays may differ. Examples are TCMEs.

If an IPE has to change its transmission delay at the transition from Normal_Mode to Transparent_Mode, then the IPE shall readjust the phase of the Keep_Open_Indication after transition into the Transparent_Mode with higher delay by inserting the relevant number of T_Bits after the first IS_TRANS Message and before the next IS Message. If no other IS Message is following, then the IS_FILL shall be inserted, obeying all other relevant rules of the specific IS Protocol (e.g. EMBED bit C5 in TFO Frames). 

If an IPE has to change from one Transparent_Mode to an other one with a different transmission delay, then the IPE shall readjust the phase of the Keep_Open_Indication after transition into the new Transparent_Mode by inserting the relevant number of T_Bits. If no other IS Message is following, then the IS_FILL shall be inserted at the new phase position to mark the new grid position of the 16_PCM_Sample_Grid and to allow other IPEs to resynchronize, obeying all other relevant rules of the specific IS Protocol (e.g. EMBED bit C5 in TFO Frames). 

B.6
Compliance to IS Messages 

An IS_Compliant IPE shall be capable of interpreting and obeying the IS_IPE Messages. 

It depends on the intelligence and task of an IPE, how many and which of the other IS Messages it needs to understand.

The IPEs shall synchronise to all IS Messages, especially to find or refind the Keep_Open_Indication. All IPEs shall resynchronize, if they see an IS Message in a new phase position, and if the synchronization can not be found in the old phase position anymore.

B.6.1
Compliance to IS_REQ and IS_ACK Messages

Most IPEs need not and do not understand these messages. They just synchronise to them and let them pass unaltered.

Only IS_Responsive IPEs may take advantage. This is system specific and IPE specific.

B.6.2
Compliance to IS_NORMAL Message

The IPE shall act in response to the receipt of an IS_NORMAL Message such that:

The IPE shall synchronise to it. The message shall appear unchanged at the output of the IPE.

The IPE shall resume its Normal_Mode of operation for all data received subsequent to the IS_NORMAL Message, 
until a different command is received.

It depends on the type and operation of the specific IPE, whether the Normal_Mode is resumed in both directions, or only in the direction in which the IS_NORMAL Message flows. It must be assumed that in general only this one direction is affected.

B.6.3
Compliance to IS_TRANS_x Messages

The IPE shall act in response to the receipt of an IS_TRANS_x Message (x in the range 1 to 8) such that:

The IPE shall synchronise to it. The IS_TRANS_x Message shall appear unchanged at the output of the IPE.

The IPE shall be transparent in all x LSBs of all PCM samples received subsequent to the IS_TRANS Message.

The transparency shall persist as long as the Keep_Open_Indication persists, or until a different command is received. 

The (8-x) upper bits of the PCM samples are not of interest and may be modified arbitrarily by the IPE.

It depends on the type and operation of the specific IPE, whether the Transparent_Mode is resumed in both directions, or only in the direction in which the IS_TRANS Message flows. It must be assumed that in general only this one direction is affected.

B.6.4
Compliance to IS_TRANS_x_u Messages

The IPE shall act in response to the receipt of an IS_TRANS_x_u Message (x in the range 1 to 7) such that:

The IPE shall synchronise to it. The messages shall appear unchanged at the output of the IPE.

The IPE shall be transparent in all x LSBs of all PCM samples received subsequent to the IS_TRANS Message. 

The transparency shall persist as long as the Keep_Open_Indication persists, or until a different command is received.

The (8-x) upper bits of the PCM samples are important and in general shall not be modified by the IPE, but shall be bypassed transparently in exactly the same manner and delay as the x LSBs. It is important that this transparency for the upper bits is provided by IPEs that do not understand the specific IS Protocol (e.g. do not understand the IS_System_Identification or the protocol of the transmitted parameters). 

Only IPEs which do exactly understand the specific IS Protocol shall take advantage of the opportunities given with the IS_TRANS_x_u Messages. An example is the TCME, which transmits internally only the coded speech parameters and re-generates the upper x bits at its output (termed here as "first solution"). The resulting delay in the upper 8-x bits shall be identical to the delay in the x LSBs.

If this transparency of the upper (8-x) bits or their re-generation can not be established, then the upper bits shall contain a constant pattern, giving the least output energy (PCM_Silence). This "second solution" may cause temporary interruptions of the speech signal in some transition cases (e.g. hand over in some tandem free GSM mobile-to-mobile calls). Therefore the first solution is the preferred one. 

IPEs, which implements the second solution shall switch to the full transparent 64 kbit/s channel as soon as they loose synchronisation with the protocol of the transmitted parameters (e.g. the "TFO Frames" in GSM Systems). The full transparency shall be executed for both directions. The near side shall be fully transparent in less than 60 ms and the other side the one way delay of that IPE later.

It depends on the type and operation of the specific IPE, whether the Transparent_Mode is resumed in both directions, or only in the direction in which the IS_TRANS Message flows. It must be assumed that in general only this one direction is affected.

B.6.5
Compliance to IS_FILL Message

The IS_FILL Message has no specific meaning, but may serve for two purposes. 

First of all, it can be used to close the gap in an IS Protocol to keep all IPEs synchronized. Otherwise - in case of an interruption - the n IPEs in the path would swallow the next n IS Messages again.

Second, an IS_FILL Message can be used to resynchronize all IPEs to a new grid position, if necessary.

B.6.6
Compliance to IS_DUP Messages

The IS_DUP Message is sent by an IS Partner to the distant IS Partner to inform about a specific Half_Duplex reception. 

Most IPEs need not and do not understand this message. They just synchronize to it and let it pass unaltered.

Only IS_Responsive IPEs may take advantage. This is system specific and IPE specific.

B.6.7
Compliance to IS_SYL Messages

The IS_SYL Message is sent by an IS Partner to the distant IS Partner to inform about a specific Sync_Lost Situation.

Most IPEs need not and do not understand this message. They just synchronize to it and let it pass unaltered.

Only IS_Responsive IPEs may take advantage. This is system specific and IPE specific.

Annex C (Informative):
The SDL model of the TFO protocol

The SDL model does not take the AMR into account.

This annex contains a few selected pages from the formal SDL model of the protocol for Tandem Free Operation described in the main body of this standard. The complete SDL specification, which is fully simulateable, is available in various electronic formats as described below.

The SDL model gives a precise description of the logical behaviour of the TFO protocol. It is not intended to imply a particular way of implementing the protocol nor does it intend to restrict an implementation only to what is specified in the SDL. 

This is not a real-time model and critical timing requirements have not been included. These are fully described in the main text of this standard, for example clause 7. The purpose of this SDL specification is to give a clear and unambiguous understanding of the TFO protocol with respect to the temporal ordering and interchange of TFO messages over the A-interface.

The SDL specification models the TFO messages as described in clause 6, the TFO processes as described in clause 8 and the TFO protocol as described in clauses 9 and 10. Additionally, it illustrates the use of Table 19 (clause 11) for resolving codec mismatch. In the case of a conflict between the SDL model and clauses 9 and 10, clause 9 and 10   shall have precedence.

The SDL model is available in electronic format in the zip archive TFO_SDL.zip. This archive can be found on the ETSI CD-ROM together with the TFO standard.

TFO_SDL.zip contains the following files:

· README.txt 

how to install and use the simulateable model
· TFO_PDF.pdf
the complete SDL specification in graphical format as a .pdf file
· TFO_CIF.pr
the complete SDL specification in machine processable  format as a .pr file
· TFO_SDT 

a directory containing all the SDT (version 3.2) source files

If you have any questions related to the SDL model please contact: pex@etsi.fr
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Figure 1/C: Overall SDL model structure
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Figure 2/C: TFO/TRAU SDL process diagrams
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Figure 3/C: Partial TFO protocol transition (taken from the First_Try state)

The complete SDL for the TFO messages, TFO process and the TFO protocol transitions corresponding to the protocol matrix given in clause 10 can be found in the electronic SDL files.
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